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Abstract 



PROBLEM TO BE SOLVED: To provide a design method, capable of executing optimization by realistic 
calculation time and cost even in the case of a'blash shape defined by many design variables and 
having the high degree of freedom. 

SOLUTION: A grating coordinate operation part [""generates grating coordinates corresponding to an 
applied initial shape and a sequential analysis operation part 5 solves a flow field with the use of a 
sequential analysis procedure based on a compressive/viscous fluid equation. Then an objective 
function gradient operation part 7 finds out the gradient of an objective function by solving a 
simultaneous linear equation with the use of an implicit function theorem. An optimizing operation part 6 
finds out the direction and quantity of shape correction capable of most efficiently reducing the objective 
function with the use of a numerical optimization procedure and corrects the blade shape. These 
operations are repeated for the sequentially updated blade shape until the objective function is 
minimized or a result satisfying the specification of the design is obtained. 



Data supplied from the esp@cenet database - 12 



http://l2.espacenet.com/dips/abstract7C Y=ep&LG=en&PNP=JP 1 0 1 49384&PN= J P 1 0 1 * 01 /08/08 



THIS PAGE BLANK (uspto) 



O9)0#@*m/r OP) 



«2> & m 4# wt ^ « ^) 



#M^F10-149384 

(43)4>IBB ¥fifcl0^(1998) 6 B 2 H 



(51)Inta 6 

G 0 6 F 17/50 

F 0 1 D 5/14 

G0 6F 17/12 



F I 

G 0 6 F 15/60 
F 0 1 D 5/14 
G 0 6 F 15/324 
15/60 



68 0Z 



6 20E 



8l3*Si©ftl7 (<£ 19 H) 



mymm&n ^hto- 340337 




<71)WRA 


000003078 










(22)a«BB *Fdc 8 *£(1996) 11 ft 15 B 






»^;nm7ii«T&#K«;iiirr72#« 






(72)559W 




^^j*m3o^ i jmm ^ s«r o 1996^5^150 










-tr 










(72)$gg&g 










msw&mstfn&Kttz:*! 2 t b 4 














<74)ftSA 





(54) c^^o^jftt] *-#^<o^m*<oim;*fi£ 
(57) imm 




(2) 



ttmZ 1 1 O - 1 4 9 3 8 4 



H&co£tt:CDfciE£#a6& C £ £&mt Ltz* -TK^tS 
cogjimcoi£sf75;£. 

gaSC0^fcC0*3E£#tf>&Bg(C. it (3 8) - (4 1) 

rt&CD£&gaiz*Stfo(tfcZ±:£#®,t Ltz*-*& 
#&CDgftmc0ifift7j&. 

* — TH&MCOSftMfcCOt&f^sfe. 
[St*Jg4] &&C0£8££*v>/*|®CDJI$#£gI5;* 
£ T^S-T ■£> Z «!: «M3R91 3 CO* - 

**««COgftM*coSSfr7Ji*;. 

r^s-r -a z t & i mtzit 2 co* — 

&$cogffmcoiSft;£j&. 

&m£frtz&&*tz\z&)m&mi*%>z 

Xi& i - 5 co* — iKtttto>fffl»tta>Ktt£&. 

set r i ~ 5 co* -tftsfiscogftm 

coistf^^. 

[SIM 9] Bttia&£LT. MiB-t^v/xft©***! 

C £ &mBL£T*1lt?m 1 - 5 CO* -#««(D 

COiSftTJjS. 

cog^coistt^is. 

^Sit ^Sf^iS 1 - 5C0*-*® 
SJ^ttCOISti-^^. 



ftti&m<D&£ £ r>tz&ftft&m^Z>Z ££ttm>£r% 1 

3£t»«fc-r4»**i - 1 4C0*-^tS«C0Sf^^ 
IH*H 6] siMiA^bi 3lzf5fi$*Lfc*-**& 

«a>«»«o>»«-^a©-». *tzt*±&&ttz££ 

&«COg. 

*— #tt«l=*JlvC. Kt4t!COKm**£iSf1-7r&:*;££ 
fcttttttV^ h^iT*fcl*IOTS'XTA*fctt£*L& 

«*-#*tt©JlOT©ll»tttt. &$S£«:COl£fitiz:*;£ 
<f&®t5. ccofcao. 4»**bA1±fe<DX]IM*£&»t 
t5K^3i^^TU<6. U£3tE. fc<t;ttfffli§&X$iJI= 
*>l*TI«fltN ACAS P3 6 £*t£«fc ? (=. 
<DX»ttl=*t LTSMMfcMfiStifcMB-x-* 
iL, $ t>lc^lg£irS^<*gjEIC<fcoTJ8C0^1Hf>1ife 
$739 L. CJhJ=«-3l*TX«M**ft£-r4*5*A<&o 
tz. £Z*t)<. Z©*SjfelCfta**tftJ:5<E. HK^I 

£i*ffl&T-&of-. zentztt). siHjycof^ffit 

hurmidt, E, Trans. ASME, J. En 
g. Power. Vol. 1 0 2 ICS* $ tlT l^£> J: 5 
IC. ^»ttA<«^**tTL^-6. L**Lfc*<t>. CCO&CO 

xa>ttffii=tt»iaa>0tJMBa>Mft. rstefe* 
A^+^b-r. f^Ki^cotttico^g^i^co^^^^ 

©«*>-eia»wi*%*-r*cti*fflin?fcofc. 

otilM:. Sttv5ab-y 3 XCj^oTSCOlifil 



(3) 



1 0-1 4 9 3 8 4 



/=ltS5n<D»fi|v5zL U— i/3 >£fgfrLT. Xf&**^ 
^|z#^-&gMIIB&©^b©£jB2£3fctf>, SMW^iSlb 

jELTH)<^A<fc^>. CCD^T'li, &filvH 

^gst. L^Stt'x^l — ^X*g5ti::£-3<# 
*r£ffll*SZ£lc*oTX<JE>*Mt ■ ttffiSKttttlzm 
-?Z>Z£tf*IffeT'&&tf. tfi • X h-^Xfl?#rli- 

5^M^i£T-(±. sm£©ftL*xj&#. -r 
iwfey. its. ttw-^#i=3i-r4»iwfc*L^*«-«=i 

X h©tt£*&. K*ftfcSS*f-&&^£8£;H&Xf&4K 
J5l^©Hffll**fflWei*«:L^ I* 5 mb*<& o fc. - 

^. A. E. Di xonbCii TOPTIMIZAT 
ION APPLIED TO AEROFOIL DE 
S I GNj <D£r>\Z. mmit\Z&l1-&Z\<DJ:5Uffi&& 

i= j= o-cttte**** < *<b-r £»AX9u©iKftti=affl 

•r^Z<t^=FRrtlT*fe^fc. *3£dH©E*Jl4. -tIE* — 
*«*©X5»J©KflM* £&9<bl= cfc -d TSSftf 5 #&© 

<t&14©^©f&©£^ItT?££a!tfii~>£ ^ *>a > 
*fl!l*TXM©X©#11 • ttttMM«>l=lMI5TS^£ 
£flil*fc*<*>. BMHtt©43E*#tf>**f*««<b 

L. *tt©tttt*ttT*ffi«*frfcXflWrfco-c*. - 

0©flMfc*jEI=« LT— ffl©»MMSt* J* < (D^-C 1 

n^A£fcl4ISttvX^rA£ffi#L. *f»I^C*tt>ir 
««©X«Mft-r * fc 

BB£**-r*fcat>©¥« 

fJf*4M tf««©X«M*©tMt*SfcT? 

S MBa&©3£<b©*)E£*#>£. 



£A<T«fctf>. S9J(Dlftttti:fil$^-a>^$S««E 
L*TgWga&©^E£#a6&©T*l4£:<. £T©ift*f-3£ 

tti=#T5BWI8»©43E'<^ h;u£— @©i ;*5cj£:i1 
**-tftttt©X«M*©tttt*i*TM*. EJlgl<fe*St£5fc«: 

tt©fc<b©43EMt*>SKI=. S (38) - (41) ^ 
fiPCD^a^KllC^Ol-t'S. -t-LTxC (3 8) - (4 

atofc-taswicasit* h-^^scos^t, Tasini 

l=fci**»ffi©IB«BWH»©*EttWl=*A-r4C 

X»tt©iMt*Sil=*50T. Xft£tt£«8[©£<tX3f^ 
&*#X»tt««r*Cfc*<T?#*. ffiM4 

4©*— jmtt©X«M*©tttKMfei=*5i*-c. mfe&<D 

6. CCDcfe^lZ. X«£#£*^>^tSl©ftm<tX(5£ 

X»tt*Mrr4 tfc3fc©Xfl0tt«h 
©»«©ittt*<*«£fc5. »*JH5l=»(6r* 
i1U»«©X»tt©MWfcT?l4. ttfcflli 3=fctt2 
©9-*««©XHM*©IMr3*asi=asL*T. X«M*arJ£ 

frttz&tzisbiz, mm?z>nw<D*3mi*mm&iz3$^T 
x»**mw*c£-c. &XLto&vta>Gmm*'h2 < 
a-r*zttprttt«cy. fe$usfi«:5^L'«d 

1=14. MfflW»IB*3^ h*fiat4Zt*«-e*6. $t 

iz. ie#4i6i=»f&-r«^-^tttta)X»«d!>tt«-^rm 

TI4. -5©^-7|Ctt«©X»«©iatt*ai= 
-6. mz, R*fi7i:^r4^-^«ll0)X]i»^R 

«-*afet?i4. -5©^— *a«(ox»«©»»f 



(4) 



ftiW 1 O — 1 49384 



<7)?£f-rti:^^iSSLTL^^|?ffiT*^*A<. Z0>£o 
SSHftg^aMIBSir-r&Cirli. *E|S]ft£@ WBI»<t 

t, mm±o>m*w\&&mi^. suite • 
m±<D^ ^/\ato^fii$^$ z t &mnxtbz>. 

HS1 Olz^-r<5^-7Hti«<7>H^ttCOiatf^ii-CI±. 

(Dm&mn&m*. mo>&m\zmmum<g&&.&?tf. 

75&T-I4. ~5<D?-;K&&0)gff24*0>tSst73 



mmizizm&m<Di&tR£m*jtitik\~imtzmmTr&zk 

&M*«»&*t4. jfeic. 3 

<Z>«^tt(DKtf^l?tt. 6***6- 1 3(=fc^TlMtt 

3SE«:£03SE Aft g it KX^JTSWiSSSULft &<Z>^ ^of: 
S££tt±4$<t LT^;t**L£*§£r*<£<. Z ©iridic 

& mm l tz&wi%Li*0>%Ltift&£mm? zzttfxzz 

g***i 5lz»ft-r«^— sK«tta>Xfl»«0E)Ktt-^j£-C 

14. gf**6~ 1 3Kfc^T3tf#)#ri*£ LT. SScO®*: 

*I**«ftft*i:t4Ctt. 5-iLZ>titzmtti±tii£ 

iz. 6ic*n6t6*-**aaoi»ttfl)fiitv 

(mionjSOT^) (aMi. 2. 3. e. 7. i 



(5) 



ftM^ 1 lO— 1 49384 



2. 1 5*JJ£) 

E = VdF(x d ) 

F(x D ) = F(x /t x J ) 

9i — 



Safe 



&&j£El;b<l2 6l^£;h,TO£. ft.&<D&.mtz±Hl*. 

3 l=IB*E<D^IZ efc y El 4 tZ7fk£ tiT l^&£z>\Z. n 
D<i<»^S^11 (X i . Vi) (i=0. 

1 n D ) £*:7^-f >*HHitt5M 2|Ccfco-C 

fit. *x J&O). toMmftV<D&.Wfrt>*: 

(O&mLJj&HDm&d i (i=0. 1 n D ) £ 

BHH-IMXd -TSfc. SttBgftFfDKttMkt:: 

(1) 

(23 



(3) 



hi 
VfF 



b t = 



3x£ 
3x/ 



(4) 

(5) 
(6) 



<3SH*g3&x f hi. gWgi&F(D3£<*£Si[x 

?*1 \ / * \ 

-"2 



«3 



flV 

\peJ 



u 3 , u 4 ^ £> . 



(V) 



ML 



e = . CvT 
K = ^ 2 + v*) 



(8) 



(9) 
(10) 



(6) 



ftm¥- 1 0-1 4938 4 



(tl) 



- (JAi-i,Jtf-l) 



(11) 



ui, 1X2, 113,^4 £>J-.f+£&;t ! ?WrA'g& (i.j) ££>£*>^-. 1 <i< IM - I. 
1 < j < JM - 1 j&srtSMWS, i ~ 0, / A/ , 1 < j < JM - 1 ^^^*$£T-£>3. * €>fc, tit&$ 
*t = -1.,/Af + 1, 1 <i< 1 *Klt5. l*3ftl««©«l£#SL ! 8fc«>ffl**n/ C 

ff> VjF tt nj fryt^f r/^T'fc^. 



l=tt*M*: It*«ft*> ottLfct #<D@ MM F<D^ 

/ ^ WtXfPSg) fay \ 



h = 



^J" fttj 



(12) 



(7) 



ttffiW- T O - 1 4 9 3 8 A 



(1,1) 



0ti! 



(/Jtf-I.JJf-l) 



a-! 



(1.1) 



ax*, 



(13) 



f. xg) ^t>*tf>£. *&^&&<t3&t*£»li. 

jur (x f. xg) i*3)cscsaifc-r. 



6. SSt^»x D ^bJLTx D + Ax D tUci:^ 
3Stt:&8tx f ^aT-Bttx g^ftix # + A x f . 

a«t*aa»asc*afiL«cit*Ltf<E&«cL\ *ts*>*> 



(14) 



^ dn dx* an dx$ _ _ 



(15) 



an 



it (1 7) 5t (3) iZTrLfc. SWSSF© 

jr. = fti + (V f F) T bi 



IJSgR (x f . x g ) CD3&t*£38[ x f IzoUTfDVn 

(16) 
(17) 

(18) 



(8) 



10-149384 



— 3*. St (16) <Dd j £<$?<tg^R (x f . x g ) Sgt^S. 
Z+LA^. a (18) £^ hJlsmtt&t^&gte'X <D£5\Zti;&_ 



(19) 
(20) 



(21) 



dQ 



p a 



Qo = Qi = Q 



=M*cfci=*r4. rat. v>«ftQo>3a(*att 

(22) 
(23) 
(24) 
(25) 

^s^t^- fotfit. C 0 ISO £ 



C 0 



7-1 



Qi - Ci- 



7-1 



(•y - DQ + V 4 (t + " 2 ^ " 
Co . 



(26) 



(9) ^Bfl 3 ? 1 0-1 4 93 84 



ti 0 = C 0 cos & (27) 

v Q = Cosing . ( 28 ) 

To = r.-^Cg (29) 

Eo = c^ + ^c* ■(»)' 

dC * - H-i) (33) 



£fc. CO. j) -CG)^«:^SS ( U1 ) o. «E£l*3feO>«|:.-5l::fc£. 

(u2) O- ("3) o- (u4) q<DC oKll^TO 

fl(t*i)o = 1 PqCo (34) 

eg, = (35) 

= . ^Irl. * J|.) (37) 

(O. j) T-ro£»«>3E» (Aui) o. (A (1. j) -C(t>SE»<0£»*fi6-3T$>e>^i:J>J(DJ:-pl- 

u2) O. (Au 3 ) o. (Au 4 ) oSSffit^ <f4. 

(^)o = ^^(^. - g W + gA U3 + (38) 

( ^ )o = ™££<^-A Ul + |^A« 2 + |5-A U3 + ^-Au,) (41) 



d IT' 





ac 0 








5C 0 


dCb 




5(ttj)o flCo 








aCo 


dCo 


dQ 


lo _ 






7 



3Co 7-1 cp^o 

S = fr-D (7+1 g:^ lw «•) 



(O, j) <D^St^«-pT&tm-r*. fLT 



(10) 



1 O — 1 49384 



dQ- 
dQ 
dQ 
8Q 



-l[Ci + +Cf)| 
Pi 0-1 

Pi C\ ai 



7 
aipi 



) 



(AhjO-i = (Att 3 ) 0 



(47) 
(48) 

(49) 
(50) 

-5. 

(51) 
(52) 
(53) 
(54) 



(vi)iM - 2(t*i)/m-i - (viW-2 

(U 2 )/Af = 2(1*2)^-! - {li 2 )lM-2 
(U 3 )/Ar = 2(-u 3 )/ M -i — («3)/W^2 

( 1 m. j) T*t*a*^@^-r-s. -tcos^fit^p 

p* = {7 - l)(p)/M(e)/Af 

■cfey. *fc 

(**4 )/M = 



M, i ) -tr;u-cii, &8tui. u 2 u3l^^tl±^ 

(55) 
(56) 
(5?) 



U4 = PC+±{{PU.? + {PV?) 
2p 



(58) 
(59) 



1 1 (2(u 2 )/M-i ~ (U2)/Jtf-2) 2 + (2(tt 3 )/A/-l ~ (ua)/M-2) 2 



(60) 



(u 4) I Ml 
g(t*<)jM 

3(ti 4 )/M 



(2(u 2 )/m-i - (na)w-a) 2 + (2(^3)7^-1 - (mhitf-a) 2 

(2(l*lW_l - (Ui) /A rf-2) 2 

3 (2(tii)/Af-i - (tta)/Af-a) 2 4- (2(^)^-1 - frolw-a) 2 



3(lil)/M_2 


2 


(2(ut)/w 




0 2(li 2 )/M-l - 


(U2)fM-2 


5(t*2)/M-l 


2(-ui)/m-i - 


(ui)rw-2 


5(H4)/M 


2(u 2 )/m-i - 


■ (t* 2 )jAf-2 


3(ti2)/Af-2 


2(tli)j M -l - 


(«l)iAf-2 


3(tii)/M 


0 2(u 3 ) /M _i - 


(«3)/*f-2 


5(ti 3 )/M-l 


2(ui)iM-I - 


(l*l)fM-2 


3(tt4)/M 


2(n 3 )jM-i - 


(u 3 )/iW_2 


3(«3)/M-2 


2(ui)/m-i - 


(-Ul)/Af-2 



(63) 
(62) 
(63) 
(64) 
(65) 
(65) 



( I M. j) t;K*©tStui. u 2 . u 3 (D£Ei li3W>J;?l=<i:5. 

A(ui)/Af = 2A(ui)/ M -i - A&»0fM-2 C 67 ) 

A{ix 2 )/Af = 2A(u 2 )/m-j - A(ju 2 )/M-2 (68) 

A(i* 3 )/Af = 2A(u 3 )/w-i ~ A(tt 3 )/ W _ 2 (69) 



(11) fttiftW- 1 0-1 49384 



\2 



A(i4 4 )/M = ; (2(tn) w -, - (u, *<«i)«-i 

1 C 2(tQ)fArf-l ~ ftttW-a) 2 + (2(lt 3 )/M-l " (u3)jAf-i) 2 Ar , 
+ 2 (2(tn)j4/-I-(t.l)fM-2} a * i;/M " 2 

2(U!)/M-1 - (*l)/AT-2 2(ui)iAf-l - (t*l)/M-2 

»S(im+i. j ) -bjuT?©g»aMStt«J? ( i m. i,m— \zttz,. 

(AxilW+l = WjM (70) 
(AtuJ/Af+l = (A«2)/« ( 71 ) 

(A*j), w +i = (Au 3 )jm (72) 
(A«4);a/+, — (Aim)/« (73) 

WJ:#f.*i.fcaifea)^«<Di!E«iSffl^r-V3eiT5PJj t4 iJ) , i4' J \ ug"". 1l ? Jl 

I S«iEt4. Satf^ftx DSSEItLTx d + A x D i 

uj^' 4- A*< <J \ t4 <J> + Ai4 ij \ 4 ij) + ^P, uS^ + Atti*'-* 1 



. (»■») u. a, p.») x j. 9Jg( ' U) Au t/M^v-n 

^ w*! u, A <w> ^ _^L Au t"j+» + g^S 1J) Aii bu-» , . (-ij> 



fl 0<10) a| >(>,j) SJ? (IJ) ^.TT,^^ *w 



(12) 



lO— 149384 



A u < 0j \ 






-1) 

) 








a4 0J+,) . 




-1) 








a4 0j+,) . 


A U < 0j - 


-l) f 




■ij) 


A„<° j1 . 


A«<° J+,) , 


A„< a ->- 


-1) 

I 







Au< lj '\ At4 1j \ At4 1 ^, 



Cij) 



(Oj) _. 



Au 
Auf^ 
Au<°^ 



Au 



b™Au™ + ^Au^ + # j) Aii^ + tf^ An? * 



(13) ^¥ 1 O - 1 4 9 3 8 4 



fTTT 1 + 




(/M-I.JM-I) 



"^1 A .,(/M-I^M-l) 

a*™ ' ak* u w> + + 



3«! 



+ i^ 3 ^ 1 e&-»* au™-»* J ' 



+ ,( i^ + ^ rT ^ K + ( a4 0j > ( - (0J) 



9«J 



+ 



<?4 



+ ( ^?fi) a3 + ^Jp*> b3 + *4wj c » + a^'j" 3 ' 

»<«•>"> - - - a^ (,„--,) M^w-iw.,-.) 



Oj-0 , 8fl i fcCJ-') 



a»i 



_(l,i> 



2 



(14) 



10-149384 



+ 



+ ( 



4 



+ 



i^F" 4 a^p^ 4 + 



a4°^> C4 + ft^u+u* 3 ** 4 



BBn f 



/ 



(74) 



Z(D J f lin f x n f ftJIJlZ&i. MS<Dffitt. 35*I» 



J/> = 



.(/M-i.JAf-l) 



OF*-" 



,(/M-l.J*f-l) 



a£ 



a£?T 



7Af-l,JM-l) 



.1) 



a/4 



I.I) 



3^ 



Q R lit*-l t JA€-l) 



0i 



artfe l) 



a^TP 



fife" 



a^" 



*^ 

aK?' ] > 



7 



(75) 



(15) 



^Bfl^F 1 0-1 493 84 



/ Jn Ji2 Jiz Jl4 > 
j _ *' 21 ^ 22 "^ 23 

f ^31 */^2 ^33 ^34 

Clw-e, fr^J Jij tt (TI//4) x (riff 4) ©21 fi*tftff^JT-fe5. -t UX. (n//4) ActE^* h^x,. 
x a , x 3t x 4 <rffiorx T = (xT xj x?) t U p. pE tZtofclTZffift&&&-Z 

n-t'tixiu u 3i u 3 . u, t-TZt. *S5CJj , x=:V / Fli9:Oi:5(-^t3. 

*/S *^22 

^33 ^43 

wE J£ j£ JLJ \x*f w^f/ 

( JS + Ai)x? +1 = - J£x5 - : j£x} - j£x? + Ax? + V U1 F (77) 
(JS + Ai)xr l = -Ji r 3 *r l - J&S* 1 - .^£«S + AxS + V (79) 

1. «awH£x? ( xS.xg I xS fca^Ka-e. 

(a) (77) * * £> x J+ 1 5 - 

(b) ^^C(78)*>^x? +1 «r^abd. 

(c) *eSC(79)36»5) xj +3 £#»t>5- 

(d) ^m^(ao)3&^xj +1 



■*>©. ^iaS8t^S^*JfflLfc4DESt»:<7>lHl^«fiE^i2l3 

1) «txt (12) lcLfc^oTgWiaSSFa55EE«:^»x 
f lzol>T(D£}E (*&^-&&£@£) V f Fitfttt^St 

(7 5) £3 (7 4) lCLfc*<oT$$SR<Di£imSlx 

J?x = V,F 
fit. -fr©#£ffioTeWKI»*JE3i«Bl 

oirfc^rewgfigEF commas* d i-^t<d*)E 

, g - VijFfxo) = h - j£x 



%tizt$rtz>#ifi£m.mmi*z>o>vt*u<. m&me<»& 
zom&izitimmi 3<r>§&mz&v. 

l=»^ LTJfll** C * B WHMMMb*- S £*<T 

t> izo I *T*$l=lfi5£T <& *> <DT U i% C £ liBjj ib *^T- 

OOM^b^**6-r«ifcAl-. WsfcflM 5M6BJHZJ: 
y. «»ftfrtUTJia>«*l5**3BXr«. KJ5££ 

zttfvtmtem'£tf&&tf. m&izi*m<Dm£\zizm& 

TB&<P^*5l=1Wlfi*JlliL4. =M6Wl::*5i*T !**«*& 

^»<D»tt-«ftust-r4Bttia»a>4giBtHB»iz*«)« 

IK)!)CPUftWtlfttt«»©ffl»l=fiJt«LT)ffitt-e# 

c p imra$- 10^1 ic. Kt«»a>®tt*< 100® 



^Ba 2 ? IO-I 49384 
fc&tfl 0 0^(01 INSIST' #4. Z<Dtz&>. tt^^jfe 

mzHtzmm&mmtT&zt&oimtuv. M&nu 

IV 

J60I-CI4. a^tttaiiJ 

1 4<7>a-*ilCc*:oT^a-r&. *HS6«0)©J8l=«fe*L 

St0>£)EftS:a> C P UI$m£ttttgtt0<PSkt:i£tt0l U 

*Jffi&m<DCPUff*R8£l 0#<»i |z. &ft&&0>m®l 
#1 OOfgfc: t»l4i 0 0&<D 1 Cifilire^S. ZCDfc 

[^3 Ell feiaa^S^^fflLfr^Eti-SCDHIE&mfiE 
0. 

[R6B] tS^ft«5lc^yH^^ISBfr^0S&mfiE 
Bl. 



(16) 



(17) 



ftf*)^ 1 O — 1 49384 



[Hi 3 



_t3UtJWM* 







> 








6 








TflioautsttQsu 




> 







[03] 



[04] 



Jf' x = ■ At? 



g = h - Jo' x 



8 





(18) 



ftffiW- 1 O - 1 4 9 3 8 4 



0 




I* 



(19) ftm¥-1 O - 1 4 9 3 8 4 



J* 




0 






4 



9 



THIS PAGE BLANK (uspto) 



